The research was focused on quantitative analysis of L-Dopa content in extracts of various products from velvet bean tempe processing. The procedures of velvet bean tempe processing were dehulling, soaking, steaming, inoculating with Raprima tempe inoculum that contain Rhizopus oligosporus NRRL 2771, packaging and fermenting at room temperature for 24, 48, 72 and 96 h, respectively. The products of velvet bean tempe processing were extracted with ethyl acetate followed by ethanol. Quantitative analysis of L-Dopa content in the extracts was performed by validated TLCDensitometric method. Extracts of dehulled velvet bean, pre-fermented velvet bean, velvet bean fermented for 24, 48, 72 and 96 h contained L-Dopa as much as 26.24%, 40.20%, 0.47%, 2.67%, 3.27% and 3.55% (w/w), respectively. From this report, we had useful information to develope a new nutraceutical from the product of velvet bean tempe processing with expected health benefits.
INTRODUCTION
Velvet bean (Mucuna pruriens (L.) DC.) is commonly known as koro benguk in Indonesia 1 and cowhage or atmagupta in India 2 . In taxonomy, velvet bean belongs to the family Fabaceae (Leguminoceae) 3 . It is the most popular drug in Indian Ayurvedic medicine and is used for dysentry, diarrhea, snake bite, sexual debility, cough, tuberculosis, impotence, rheumatic disorders, muscular pain, gonorrhea, sterility, gout, delirium, dysmenorrhea, diabetes and cancer 4 .
In Indonesia, velvet bean grows well in marginal dry land areas and is one of Indonesia's indigenous beans 5 . In Central Java, Indonesia, there is a common way to process velvet bean seeds into tempe. Tempe is a traditional food from Central Java, usually made from soybean, but velvet bean is also suitable for tempe production 5, 6, 7 . The essential fungus involved in tempe fermentation is Rhizopus oligosporus, although someother organisms are usually found in inoculum. Other Rhizopus species such as R. arrhizus, R. stolonifer and R oryzae may grow, in addition to other genera such as Mucor and Aspergillus 8 . During tempe processing, there are valuable changes not only in the increase of nutritional values of some nutrients in beans, but also in the development of vitamins, phytochemicals and antioxidative constituents 7 . Handajani said that compared with velvet bean as a raw material, velvet bean tempe had the higher isoflavones (glycitein, daidzein, factor-2) and also fat, carbohydrate and fibre levels. HCN content in velvet bean could be eliminated by appropriate soaking, boiling and fermenting 5 . Nowadays in Indonesia, velvet bean and velvet bean tempe still have a low social economic status. Great attention would be given by researchers to develop them as material for nutraceutical production.
L-Dopa (L-3,4-dihydroxyphenylalanine) is the main bioactive compound of velvet bean 9, 10, 11 and has been reported as an active ingredient pharmacologically, including for treatment parkinsons' disease 12 , antioxidant activity 13 and the direct precursor to the neurotransmitter dopamine 14 . Egounlety (2003) stated that pre-fermentation and fermentation process to velvet bean could reduce L-Dopa content of its. The pre-fermented velvet bean process (the beans were boiled for 45 min, dehulled, soaked for 24 h, and then boiled again in 45 min) reduced L-Dopa content in velvet bean (from 6.360% in velvet bean to 0.639% in pre-fermented velvet bean). Further, reduction was obtained during fermentation. All the fermented products contained low levels of L-Dopa (often<0.1% dry weight). According to Egounlety (2003) , the weakness of this velvet bean tempe processing was limited in large scale production because the boiled beans still dehulled by hand (manual procedure) 15 .
In Central Java Indonesia, there are many variations of velvet bean tempe production from one region and one producer to others, because there is no standard process for producing of the velvet bean tempe 7 . The method of velvet bean tempe processing in our research was based on one of the methods of the velvet bean tempe industry in Indonesia, i.e. dehulling with machine to the raw velvet bean, soaking, steaming, inoculating with Raprima tempe inoculum that contain Rhizopus oligosporus NRRL 2771, packaging and fermenting at room temperature. The method was different from the velvet bean tempe processing by Egounlety's research (2003). Researchers do not know the effect of this velvet bean tempe processing to L-Dopa content in the extracts, so it was necessary to evaluate how many levels of L-Dopa of its. The research was focused on quantitative analysis of L-Dopa content in extracts of the products from velvet bean tempe processing. In this research, TLCDensitometric method was developed and validated to quantitative analysis of L-Dopa content in extracts. Thin layer Chromatography (TLC), also known as planar chromatography (PC), is one of the oldest methods in analytical chemistry. This method was simple, sensitive, saving time, economical, fast and suitable for any laboratory [16] [17] [18] .
MATERIALS AND METHODS

The seed collection and identification
Velvet bean (Mucuna pruriens (L.) DC.) was obtained from Sekar Aji Farmer Group in Manyaran Wonogiri, Central Java, Indonesia and authenticated in the Laboratory of Plant Taxonomy, Faculty of Biology, Gadjah Mada University, Indonesia.
Inoculum of fermentation
Raprima tempe inoculum was produced by Aneka Fermentasi Industri (AFI) in Bandung, West Java, Indonesia which contains Rhizopus oligosporus NRRL 2771.
Chemicals
L-Dopa standard was purchased from Sigma-Aldrich Chemical Co. (Germany). All other chemicals and reagents used were of analytical grade. 
Preparation of samples
Dehulled velvet bean, pre-fermented velvet bean and velvet bean tempes with variation time fermentation (24, 48, 72 and 98 h, respectively) were the samples. Each of samples made from 100 g of dehulled velvet bean as a raw material. The steps of velvet bean tempe processing were as follows: velvet bean seeds were dehulled to make dehulled velvet bean. We took 100 g dehulled velvet bean and grounded it to make dehulled velvet bean powder as the first sample. Further, 500 g dehulled velvet bean were soaked for 72 h with removal and replacement of water after 6 h. The soaked velvet bean was dried and steamed in boiling water for 90 min. After that, we cooled it by spreading in a flat tray at room temperature and we found pre-fermented velvet bean. We divided it into 5 portions. One portion of pre-fermented velvet bean was grounded by blender into slurry as the second sample. Solid state fermentation was performed by inoculated to another portion of pre-fermented velvet bean with Raprima tempe inoculum and packed in perforated plastic and fermented on the racks at room temperature for 24, 48, 72 and 96 h, respectively. Subsequently, each of velvet bean tempe with variation time fermentation was grounded by blender into slurry as the third, fourth, fifth and sixth samples, respectively 19 . 
Extraction of samples
The dehulled velvet bean, pre-fermented velvet bean and velvet bean tempes with variation time fermentation time (24, 48, 72 and 98 h, respectively) were defatted with ethyl acetate by maceration method and stirred for 6 h at room temperature. Maceration was terminated when the last extract turned colourless. Each of defatted material was extracted with 70% ethanol by maceration method and stirred at room temperature for 6 h. The residual material was removed by filtration and the filtrate was pooled. Extraction was terminated when the last extract was colourless. The filtrate was concentrated by a Buchi R-200 rotary vacuum evaporator at 60 o C, collected and weighed. The procedure was repeated in triplicate. All the samples were stored in a refrigerator at 4 o C and used in TLC-Densitometric analysis.
TLC-Densitometric instrumentation
The chromatography was performed on TLC plate silica gel GF 254 from Merck Chemical Co. (Germany). The mobile phase consisted of butanol:glacial acetic acid:water (6.0:1.0:1.0, v/v/v). Previously, time for saturation 45 min, the average of development time was 60 min and time from chromatography to scanning was 10 min. Densitometric scanning was performed at wavelength 284 nm with a Camag TLC Scanner 3 in absorbance mode operated by winCATS software.
Validation of TLC-Densitometric method
Validation of the method was performed according to the United States Pharmacopeia (USP) and International Conference on Harmonization (ICH) by checking the parameters of linearity, limit of detection (LOD), limit of quantification (LOQ), repeatability (intraday precision), intermediate precision (interday precision), accuracy, ruggedness, and robustness 20-21.
The procedure for preparing L-Dopa standard solution was approximately 62.5 mg L-Dopa reference standard were accurately weighed and transferred into a 100 ml volumetric flask, dissolved and diluted to volume with aquabidest to obtain a solution of 625 µg ml -1 .
The linearity of the method was evaluated at six different concentration levels. Each amount was applied three times and the plates were developed under optimized mobile phase. Peak area versus corresponding amount of L-Dopa was used to construct calibration plot. The sensitivity of the method was determined by calculating the limit of detection (LOD) and limit of quantification (LOQ) of L-Dopa. The precision of the method was carried out by repeatability and intermediate precision. Repeatability (intraday precision) was validated by analyzing L-Dopa standard for repeating three times on the same day. Intermediate precision (interday precision) was validated by analyzing L-Dopa standard daily for three days. The accuracy of developed method was expressed by the recovery percentage of three different concentration levels for repeating three times. The ruggedness of the current method was determined by analyzing L-Dopa standard for repeating six times by two analysts in the same laboratory. The robustness was studied in triplicates by making deliberate small changes at different parameters of the current method. The variables involved changes in the mobile phase composition (butanol:glacial acetic acid:water (6.0 : 0.9 : 0.9, 6.0 : 1.0 : 1.0, 6.0 : 1.1 : 1.1, v/v/v), scanning time of chromatography (5, 10, 15 min) and saturation time (40, 45, 50 min) 18, [20] [21] [22] [23] [24] .
Quantitative analysis of L-Dopa content
Quantitative determination of L-Dopa content in extracts of dehulled velvet bean, prefermented velvet bean and velvet bean tempes with variation time fermentation (24, 48, 72 and 96 h, respectively) were performed by validated TLCDensitometric method. WinCATS software was used for peak area measurement and data processing 23 . Quantification was based on peak areas were plotted against concentration. Data were expressed as mean±%RSD with n=3. Statistical analysis was done using one-way analysis of variance and Duncan's multiple range test using the one-way program in the SPSS package. Differences were considered statistically significant at P < 0.05 25 .
RESULT AND DISCUSSION
Preparation of samples
The velvet bean tempe processing involved dehulling velvet bean, soaking for 3x24 h with removal and replacement of water after 6 h, steaming for 90 min, inoculating with Raprima tempe inoculum, packaging in perforated plastic and fermenting at room temperature. The velvet bean tempe processing yielded 6 samples consist of dehulled velvet bean, pre-fermented velvet bean and velvet bean tempes with variation time fermentation (24, 48, 72 and 96 h, respectively). Furthermore, those samples were extracted with ethyl acetate (defatted process) and then with ethanol 70%. The usage of the mentioned solvents because according to USP, ethyl acetate and ethanol are categorized in the third class solvents that at normal level to be accepted in pharmaceutical. There are no long-term toxicity or carcinogenicity studies, less toxic in acute or short-term studies and negative in genotoxicity studies 26 .
Validation TLC-Densitometric method
The development and validation of TLC-Densitometric was done first before taking a measurement of the L-Dopa content in extracts of various products from velvet bean tempe processing. The structure of L-Dopa can be seen in Fig.1 . The densitograms of blank and L-Dopa standard in concentration 2.500 µg spot -1 at RF = 0.37 were given in Fig. 2 . The calibration curve could be seen in Fig. 3 . The result of the developed and validated TLC-Densitometric method was presented in Table 1 .
The repeatability (intraday precision), inter mediate precision (interday precision), ruggedness and robustness tests were acceptable if the parameter for the peak area had the percentage of RSD values ≤ 2.00 %. The accuracy was received (indicating good accuracy of the current method) if percentage of recoveries were in the range of 98.00-102.00 % [20] [21] 27 .
Quantitative analysis of L-Dopa content
The validated method was applied to quantitative analysis of L-Dopa content in extracts of dehulled velvet bean, pre-fermented velvet bean and velvet bean fermented for 24, 48, 72 and 96 h, respectively. The result was presented in Table 2 .
In the fermentation for 96 h, the process was terminated because the velvet bean fermentation product became rotten. This study demonstrated that compared with all of the extracts from Egounlety's research (2003) , all of the extracts from this research had higher content of L-Dopa. The differences between the method of velvet bean tempe production in our research and the Egounlety's method were without boiling before dehulling and replaced boiling with steaming. All of the extracts from velvet bean tempes (fermented for 24, 48, 72 and 96 h, respectively) contained low levels of L-Dopa, ranging from 0.47% to 3.55% w/w. In our research, extract of pre-fermented velvet bean had the highest content of L-Dopa (40.20% w/w). This extract had a good prospect to be developed as a material for production of a new nutraceutical that has a high content of L-Dopa with expected health benefits. This research needs to be followed for evaluation of in vitro and in vivo biological activities.
CONCLUSION
Extracts of dehulled velvet bean, prefermented velvet bean, velvet bean fermented for 24, 48, 72 and 96 h (the various products from velvet bean tempe processing) contained L-Dopa as much as 26.24%, 40.20%, 0.47%, 2.67%, 3.27% and 3.55% (w/w), respectively.
